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(54) Apparatus for tissue excision and removal by fluid jet 



(57) A surgical device and method for removal of tis- 
sue, such as thrombus, from a vessel in the body. The 
device has a first tube with a distal open end and an 
inward directed stop and a second tube with an outward 



directed stop for engaging the inward directed stop and 
thereby regulating the relationship between a retro- 
grade jet and the distal open end. Thrombus is dis- 
lodged, entrained, and broken into pieces which are 
evacuated through the first lube. 
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Description 

CROSS REFERENCES TO CO - PENDING APPUCATIONS 

S [00011 None. 

BACKGROUND OF THE INVENTION 

1 FMd ot the Invention • 

10002] The prasen, invention re.atos to a meo^ic r.^o^ catneter and .etnod o. us.g san,e to remove 
thrombus 1 rem a body vessel or other body cavity. 

2 Description of the Prior Art - 

10003, Procedures and apparatus have been deve^ed lor e^e ^^^^^^^ 
l„chLcesern,oya,eto,sa,.eas^ev^^^^^ 

means to remove the deposit. U.S. Pf^'*^^^^^^^^^ a high pressure duct to the distal end ol a 

organic deposit Irom a human vessel. .'^.^"Pf^ ^'l^'^ '^3^^ and directly toward the tissue to be broken 

,h. d»l~ to. so* P".P"" <"''• '°°rr;f " fZ NO 5,320.599, has . d^charg. channel and a 
,s (00041 Anolha.dra«a9#cam.l.r.d#sc-Mb,o™pina^^^^ 

in the vessels ot the bran. 
30 SUMMARY OF THE INVENTION 

tOOOS, Thegeneralpurposeotthepresent— nlstoprc^ea^^^^^^ 

using same to remove thrombus from a body vessel or '^^^^^'P'^^^^j^a, ^^^^^ ,or removal of material such 

(00061 The present invention, a rheo^rtic ^J^^^^^^^^ a rheohrtic thrombectomy 

Ls thrombus from a vesse. or other ^^J^^^^^'Z^Z^, outer assembly comprising a first tube or 

catheter for removing tissue from a vessel or olhe body MV^ " 3,op partially obstructing 

guide catheter having a lumen with an open ^'^'^ inner 
Ltumen at theopen distal end. thelumenbeingofad^^^^^^^ 

assembly comprising a high pressure second tube or hypo-tube ^^^'"9 a " 9 P 3 j^, ^ 

one or more orifices, a transitional stop fixed .0 the high press re ^ P^^^^/^^^^^^^^ ^^ 3, „ g,|,e catheter, 
positioned at the hypo-tube distal end for directing one o w^^^ 

me inner assembly being movable axially wrth.n ^"•^'f ^^"^Uo the lend ot the guide catheter 
tionary stop to hold the jet cap in a desired relationship with '^^P^^' ^'^'^JJ^^r body tissue from an obstructed 
[000^^ in another embodiment, a rheo.ytic ^^-^''^ a proximal end and 
U iessel or other body cavity includes an of a diameter suficient to allow 

an open distal end containing a stationary stop and ^^^'"9 ^ 33,embly including a high 

passage of a standard coronary or interventional neuroradwiogical 9"''*^^''^^^^^^^^ 3 and a distal 

Usure hypo-tube having a high pressure '"-"J^^^^f^^^^^^^^^^^^^^ 

rrrt?rrd=^^^^^ 

end of the evacuation tube. ^ ^ ^ .iHo^iro mil attached at the distal end of the jet cap 

o alii. aa.an=emanl o. Ih. Inna. a».n<* and Ih. ou.« 2^™' ^ ^ „, ,„ida calhal.l 

.eol.. Ihron-h^ion., cal^a. h^a ^riS^cttSSTcL"- . h* h,po- 
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upon or near the distal end of the guide catheter. The rheotytic thrombectomy catheter preferably is flexible and can 
pass over a standard guidewire through tortuous vascular pathways. 

[0009] The present invention also provides a method of removing thrombus from an obstructed body vessel. The 
method includes the steps of: 

a. providing a guidewire and an outer assembly including a guide catheter having a distal end and an internally 
located stationary stop positioned adjacent to the distal end; 

b. advancing the guidewire to a vascular site containing thrombus; 

c. advancing the guide catheter over the guidewire to the vascular site containing thrombus to positbn the distal 
end at the vascular site; 

d. removing the guidewire from the guide catheter; 

e. providing an inner assembly including a hypo-tube carrying a jet cap and a transitional stop spaced apart from 
the jet cap; 

f. advancing the inner assembly within the guide catheter of the outer assembly to engage the transitional stop with 
the stationary stop; and. 

g. providing a high pressure saline supply to the hypo-tube so as to cause a jet of saline to emanate from the jet 
cap and to impinge on thrombus and on or near the distal end of the guide catheter, thereby dislodging thrombus 
and entraining thrombus into the saline jet and thence into the guide catheter. 

[0010] In the method, prelerably the jet cap carries a distally projecting guidewire coil to facilitate further distal ad- 
vancement of the inner assembly and the outer assembly together with the vasculature to a further vascular site con- 
taining thrombus so as to remove additional distally situated thrombus. 

[0011] The present invention is also a catheter combination including a first tube or guide catheter, being a part of 
an outer assembly, the first tube having a proximal end, an open distal end, and a lumen extending between the proximal 
end and the open distal end; a second tube or hypo-tube, being a part of an inner assembly the second tube being 
separable from the first tube and being insertable within the lumen of the first tube, the second tube having a proximal 
end, a distal end. and a lumen extending between the proximal end and the distal end; a jet cap. being also a part of 
the inner assembly, the jet cap being connected to the second tube at the distal end of the second tube for directing 
fluid exiting the lumen of the second tube, the jet cap being capable of passage through the lumen of the first tube and 
being characterized by the ability to provide a localized region of low pressure associated with a liquid flow directed 
generally proximally and into the lumen of the first tube through the open distal end of the first tube when the jet cap 
is located and oriented appropriately relative to the open distai.end of the first tube; and means for indexing an appro- 
priate positional relationship of the jet cap and distal end of the second tube relative to the open distal end of the first 
tube. The means for indexing preferably includes a stationary stop projecting Inward from the first tube and a transitional 
stop projecting outward from the second tube. When the second tube is advanced within the first tube, the stops 
mutually engage to control the orientation and spacing and relationship between the jet cap and the open distal end 
of the first tube. More prelerably, the stops are each tapered to additionally laterally position the second tube within 
the first tube. Most preferably, the centering causes the tubes to become concentric. Preferably, one or both stops 
interact, when engaged, to presence a channel for fluid flow rather than fully obstructing the cavity between the first 
tube and the second tube. 

[001 2) One significant aspect and feature of the present invention is the variously designed jet caps which are oriented 
to direct jets of saline in a proximal direction. 

[0013] Another significant aspect and feature of the present Invention is the stationary slop at Ihe distal end of the 
guide catheter and the transitional stop on the hypo-tube which together coact to position a jet cap at a defined distance 
beyond the distal end of the guide catheter. 

[0014] Still another significant aspect and feature of the present invention is the transitional stop which has an evac- 
uation lumen and a hypo-tube receiving hole which is offset from the longitudinal axis of the transitional stop. 
[0015] Yet another significant aspect and feature of the present Invention Is the provision of complementary angled 
surfaces on the stationary and transitional stops which upon engagement serve to center the inner assembly within 
the outer assembly. 

[0016] A further significant aspect and feature of the present invention is the stationary stop which is formed unitarily 
with the wall of the guide catheter at the distal end of the guide catheter. 

[0017] A still further significant aspect and feature of the present invention is the guidewire coll provided at the distal 
end of the jet cap to allow advancement of the inner assembly and the outer assembly together within the vasculature. 
[0018] Having thus described ennbodlments and significant aspects and features of the present invention, it is the 
principal object of Ihe present invention to provide a rheolytic thrombectomy catheter and method of using same to 
remove thrombus from a body vessel. 

[0019] One object of the present invention is to provide a rheolytic thrombectomy catheter of such size, flexibility 
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evacuation passage. i„„p„,ion is to provide a rtieolytic thrombectomy catheter with means tor 

location at the distal end ot the catheter. thrombectomy catheter ot the type having 

Srarm^s^b^rr^^^^^^^ 

Ler assembly and an outer assembly ^^'"^^'^Jl^J^^^vSI respect to L parts of the outer assembly 
Which orients the parts ot the inner ^^''^^^ l^^^^^l^^^'^^^^ of removing thrombus trom an 

[00241 A still further object of the present invention is to provide an imp 

IS obstructed body vessel. 

BRIEF DESCRIPTION OF THE DRAWINGS 

throughout the figures thereof and wherein: 
the distal end thereof; 

FIG. 6 is an isometric view o1 the transitional stop. 

FIG. 13 1! . coss 5«lbr,al ..w oken along '"Vil.t,™.«i„,, „l ih. .nwiyie m.orabeclom, oamwei. ana 
at the site ol a thrombotic deposit and lesiorv j„us„a,ing an alternative jet cap embodiment, 

o. lir^e 16-16 of FIG. 15. v.ith the ^'yP<>-'"''^^,^^^°^" 'J '[TtMaUng another aUema.ive jet cap embodiment; 

ro-i"i:ar::r;::jrrth^^^^^^^^^ 

01 line 18-18 ol FIG. 17. wnh '^^^^VPO-lube shown 

srra^r;;~==^^^^^^^ 

ns^'Ji^Tvie;:"^^^^^^^^ 

^G. 22 is a View of the guide catheter d«ta. end looKing . the direction o. line 22-22 of FIG. 21 , with the hypo- 
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tube shown in cross section; and. 

FIG. 23, a fifth alternative embodiment. In partial cross section, is a side view of the guide catheter distal end where 
the hypo-tube is fixed along the longitudinal axis of the guide catheter. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0026] FIG. 1 illustrates a side view of a rheolytic thrombectomy catheter 10 useful for the removal of thrombus, and 
FIG. 2 illustrates a semi-exploded side view of the rheolytic thrombectomy catheter 10. The rheolytic thrombectomy 
catheter 10 iricludes two major assemblies: namely, an outer assembly 12 and an inner assembly 14. The inner as- 
sembly 14 aligns concentrically to and within the outer assembly 12 and extends beyond the length of the outer as- 
sembly 12. Externally visible components, or portions of components, of the outer assembly 12 of the rheolytic 
thrombectomy catheter 10, as illustrated in FIGS. 1 and 2. include a manifold 16. also known as a Y-adapter, a he- 
mostasis nut 18 secured in the proximal end 20 of the manifold 16, a Luer connection 22 located at the proximal end 
23 of an angled manifold branch 24 extending from the manifold 16, a Luer fitting 26 secured to the distal end 28 of 
the manifold 16, a strain relief 30 secured to the distal end 28 of the manifold 16 by the Luer fitting 26, and a first tube 
or guide catheter 32, having a distal end 33. secured to the manifold 16 by the strain relief 30 and Luer fitting 25. The 
externally visible components of the inner assembly 14, Illustrated in FIG. 2, include a high pressure second tube or 
hypo-tube 34. a filter housing/high pressure connection 36 concentrically aligned to and secured over and about the 
hypo-tube proximal end 38, a configured transitional stop 40 concentrically aligned to and secured over and about the 
hypo-tube 34 at a point near and adjacent to the hypo-tube distal end 42. a jet cap 44 concentrically aligned to and 
secured over and about the hypo-tube 34 at the hypo-tube distal end 42. and a guidewire coil 46 concentrically aligned 
to and secured to one end of the jet cap 44. The high pressure hypo-tube 34 is drawn and is tapered in incremental 
steps to provide degrees of flexibility along its length. For purposes of example and illustration, the hypo-tube 34 can 
Include a hypo-tube portion 34a at the hypo-tube proximal end 38 having an outer diameter of .018 inch or smaller, 
and can include a plurality of incrementally stepped down hypo-tube portions 34b-34n each of lesser outer diameter! 
where the last hypo-tube portion 34n is stepped down to an outer diameter of 0.008 inch at the hypo-tube distal end 
42. The hypo-tube 34 becomes increasingly more flexible from the hypo-tube proximal end 38 towards the hypo-tube 
distal end 42 due to the incremental diameter decrease along its length. Increasing flexibility along the length of the 
hypo-tube 34 allows for easier flexed penetration Into tortuous vascular paths. Although the hypo-tube 34 is stepped 
down in increments, the hypo-lube 34 can also be fashioned of a constantly decreasing outer diameter to provide 
increasing flexibility along its length and shall not be construed to be limiting to the scope of the invention. 
[0027] FIG. 3 illustrates a semi-exploded cross sectional side view of the manifold 16 and adjacent components, 
where all numerals correspond to those elements previously described. The manifold 16 includes a tapered centrally 
located passage 48 aligned along the longitudinal axis of the manifold 16 and a branch passage 50 extending along 
the axis of the branch 24 which intersects and is connected to the central passage 48. The manifold proximal end 20 
houses a multi-radius cavity 52 including a round outer cavity portion 54 and a connected round inner and smaller 
cavity portion 56 having a threaded surface 58 on the proximal portion thereof. The hemostasis nut 1 6 includes a body 
62 having a grasping surface 64 extending thereabout, a threaded surface 66 extending from the body 62, an annular 
surface 63 at the end of the threaded surface 66, and a passageway 68 aligned centrally to the longitudinal axis of the 
hemostasis nut 18. The passageway 68 has a wide radius at the proximal end which decreases toward the distal end. 
The initial wide radius is helpful for insertion of the Inner assembly 14 or guldewires and the like. A seal 60 aligns to 
the distally located annular surface 61 of the round inner cavity portion 56 and bears against the annular surface 63 
of the hemostasis nut 18 to seal the central passage 48 of the nranifold 16 to the passageway 68 in the hemostasis 
nut 18. The multi-radius cavity 52 and its internal geometry accommodate corresponding geometry of the hemostasis 
nut 18 and the seal 60. Luer connection 22 extends from the angled manifold branch proximal end 23. A filter 72 aligns 
at the mouth of the branch passage 50. The filter 72 and a Luer fitting (not illustrated) can be used to prevent any 
particulate outflow, to provide for metered outflow, or, alternatively, to provide suction for fluid or particle evacuation. 
[0028] Luer fitting 26 is utilized to secure the strain relief 30 and the guide catheter 32 to the distal manifold end 28. 
The strain relief 30 Is comprised of a tube 31 . a central bore 74 internal to the tube 31 which accommodates the guide 
catheter 32, an annular flange 76 about the tube 31. and a tapered proximal tube mouth end 78. It is noted that the 
outer diameter of the tube 31 is constant from the annular flange 76 to the distal tube end 80, and that the outer diameter 
steadily decreases from the annular flange 76 to the tapered proximal tube mouth end 78 to provide a tapered lube 
surface 82 which conforms, for purpose of a proper fit. to the taper of the tapered central passage surface 88 of the 
central passage 48. The tapered proximal tube mouth end 78 allows for easily accomplished alignment of guidewires 
and other assemblies, such as inner assembly 14 and the like, with a lumen 87 located in the guide catheter 32. The 
Luer fitting 26 includes threads 84 which threadingly engage corresponding threads 86 at the distal end 28 of the 
manifold 16. The Luer fitting 26 bears against the annular flange 76 of the strain relief 30 to force the tapered tube 
surface 82 of the strain relief 30 against the tapered central passage surface 88 of the central passage 48 to effect a 
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t{.V niter housing^igh pressure connector, 'ncludes a J^dnca^^^ J ^^^^^^^ 

tubular cavity 94. fine and course fitters 96 and 98 res^^g '^^'''Jf^^.^SZ 102. having a central bore 104, 
through the body 90 and connecting '° SI secures within the central bore 104 0I 

S3r-%-ratesas«eviewo™ 

Lnd about the hypo-tube 34 near or at the '»yP°-»"»'t'*«lf^^^ f?' "STe te^^^^ 44 with respect to each other and 
previously described. The re.at«,e sizes of the '^^^^^f^^^.'^^^^.eo residing ^ the gude cameter 
w«hrespecttothes^eso,the.umen87om,^^ 

32. as well as details of the transitional stop 40. are ° ,,„„^e,atecorr^ elements 

[0031] nG.6illustratesan.sort«tricviewofthetrans.l.onastop40v^ereannu^^^ 

p^viously described. The one^iece transitional ^'^^^-'f;;^,;^^^^^^^ include angled 

plurality of guide bars 112a-1l2n extend-ng ^^'^ '"^^^f^^^ surfaces 116a.ll6n The angled 

leading edgesiua-iunextend-ngfrorr, the leading port^^^^^^^^^ 

Sp-r::=^ 

et cap 44 and the gu.ewire coil 46 aHgned and se^^^^^^^^ Z'l^.f^T^^<^^^ ^^ ^' ^^'^ ^" 

distal end 42; and RG B illust.ates a view of ^^f^^'^l**^^'"^^^^^ 
nurnerals correspond to those elementspreviouslydescibed^^^^^ 
and appropriated securedover and about the last hypc^ube^^^^^^^ 

and near the hypo-tube distal end 42. The proximal ^"Jf portion 34n. The ,et cap 

like transKion 117 between the next to the last '^^'''''^^^'^^^XTuZ^^^^ dismal end 42. As shown in 
44 aligns over and about and Is secured to the last hypo-tube POf*"" ^f^* ib3^ circular end wall 1 20 extending 
F,GS^and8. the let cap 44 is tubular andlncludesac.cu.a^^^^^^^^^^ 

inwardly from one end of the circular peripheral wall " ^^^en raho ^^^^^^^^ ^^^^ 
having arcuate ends and opposite sides each having a" arcuate ^dsecton a""^'^ 9 J ^, 
from thearcuatemidsecton to the opposite a^uateends as show^^ 

Sides of the elongated hole 122 are posrtoned at the center ^^^^ ^^"^^^^^^^^ '^^^ extends through 

aligned arcuate portions 1 24 and 126 of common radius. The last d„iding the elon- 

the center of the elongated hole 122 and is embraced by the ^« J^"^^^^^^ elongated hole 1 22 

gated hole 122 Into .wo ,et orifices 12B and 1X, me ,e. l^^l^^^^^J^^^S^Tg defined by the portion 

to one side of the outer surtace of the last hypo-lube portion J4n. ana uie |b " 

end ot Ihe 

1 36 and 1 38 in the distal end 42 of hypo-tube 34 align within «^'«.""^,^' ^^^^^^^^^^^^ ,43 is also included 

nicatlon ,10m lumen 1 06 ,0 the centra, cavity 140 and to the two ,et on,.es 128 a d 1 ^J^^^^ 

at the distal end of the guldewire coil 46 to secure the end of the tapered core i J4 10 g 

provide for smooth entry into a vessel or other body cavity^ ^^1^^^^ 

aken along line 10-10 of FIG. 2. where all numerals -^^'^^^P^"^ '° ^ catheter distal end 

part«u.ar is the multl-radiused stationary stop 150 'jf ^"^.^^^ 'a Janother larger outer 

33. one outer radius defines the cylindrical body 152. which 'f'^^^^^^^^^'^^^J^Zw within the cylindrical 
radius defines a cap 1 53 a. the end o. the stationaj stop 1 50 A cent ra^^^^^^^^^ 

body 152 and the cap 153. An annular shoulder ''Sebetweenthecap 153and thec^^^^^ 

Xs c-rrthTSii. sr r^r .riTs irx^^ en?of .he ^...1 body 
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152. An annular crimp sleeve 160 applied over and about the guide catheter distal end 33 ensures a positive fixation 
of the stationary stop 150 in the lumen 67. 

[0035] FIG. 11 illustrates a longitudinal sectional view of the guide catheter distal end with the jet cap 44 transiting 
the central bore 1 54 of the stationary stop 150 and with the transitional stop 40 aligned within the lumen 87 of the guide 
catheter 32, where all numerals correspond to those elements previously described. 

[0036] FIG. 12 illustrates a longitudinal sectional view of the guide catheter distal end with the transitional stop 40 
aligned within the lumen 87 of the guide catheter 32 and in mutual engagement with the stationary stop 150, where all 
numerals correspond to those elements previously described. Mutual engagement of the stationary stop 150 with the 
transitional stop 40 positions the jet cap 44 at a desirable and finite distance from the stationary stop 1 50 at the guide 
catheter distal end 33. 

[0037] Tubular guide catheter 32 may be constructed of a flexible polymer material and is characterized by an ability 
to follow over a flexible guidewire through the vasculature of a patient to be treated. Since the tubular guide catheter 

32 may also be subjected to reduced or vacuum pressures in some applications, the tubular guide catheter 32 should 
be resistant to collapse or bursting at the pressure differentials employed. Again, for purposes of example and illus- 
tration, the guide catheter 32 can have an outer diameter of about 4 French or smaller, or an outer diameter of about 
0.040 inch and an inner diameter of about 0.028 inch which can also taper in diameter. As is well known in the art, the 
guide catheter 32 may be advanced and maneuvered through the vasculature such that the guide catheter distal end 

33 may be selectively positioned adjacent to the site of desired surgical action, for example, adjacent to a thrombus 
obstructing a blood vessel. 

[0038] The stationary stop 150 may be formed from a variety of materials. Preferably, the stationary stop 150 is 
formed of material identical to that of the guide catheter 32. 

[0039] The transitional stop 40 is mounted in the hypo-tube 34 at a location spaced apart from the hypo-tube distal 
end 42 and distal from the hypo-tube portion 34g. The transitional stop 40 has a cross sectional extent such that it may 
not freely pass the stationary stop 150. The transitional stop 40 has a substantially X-shaped cross section when 
viewed axially, as in FIG. 13, which allows for fluid passage in a proximal direction. However, as will be discussed 
subsequently, numerous alternative shapes might be employed for the transitional stop 40 provided that at least pas- 
sage of the transitional stop past the stationary stop 150 is prevented. Preferably, the distal portion of the transitional 
stop 40 includes tapered surfaces, such as angled leading edges 114a-114n. The jet cap 44 presents a cross section 
capable of passing through the central bore 1 54 of the stationary stop 1 50. The angled leading edges 11 4a- 11 4n serve, 
in juxtaposition with the angled annular surface 158 of the stationary stop 150, to desirably longitudinally position the 
transitional stop 40 relative to the stationary slop 150. The close longitudinal alignment of the plurality of guide bars 
112a-l12n within the lumen 67 of the guide catheter 32 generates lateral spaced relations, such as, for example, a 
concentric relationship between the first lube or guide catheter 32 and the second tube or hypo-tube 34, respectively 
preferably, the cross sectional extent ol the transitional stop 40 is roughly about 0.01 0 inch to about 0.030 inch; however, 
the critical consideration in cross sectional dimensions ol the transitional stop 40 is that it must pass through the lumen 
87 of the first tube or guide catheter 32 and yet not pass the stationary stop 1 50. 

[0040] The jet cap 44 is mounted at the distal end 42 of the hypo-tube 34 and includes a guidewire coil 46 extending 
distally from the jet cap 44. In a preferred embodiment, the jet cap 44. guidewire coil 46 and transitional stop 40 are 
radially symmetrical about the longitudinal extent of the hypo-tube 34. In such an embodiment, the jet cap 44 preferably 
has a diameter of from about O.OlO inch to about 0.030 inch. The hypo-tube 34 preferably has an outer diameter of 
about 0.008 inch to about 0.018 inch and also includes a continuous high pressure lumen 106 extending from the hypo- 
tube proximal end 38 to the hypo-tube distal end 42 and continuing into the jet cap 44. When the hypo-tube distal end 
42 of the hypo-tube 34 is advanced through the lumen 87 ol the guide catheter 32. the guidewire coil 46 and the jet 
cap 44 and any portion of the hypo-tube 34 distal from the transitional slop 40 are free to pass the location of the 
stationary stop 150. However, passage of the transitional stop 40 is prevented by the partial obstruction of the lumen 
87 of guide catheter 32 by the stationary stop 150. Thus, when the distal angled leading edges I14a-I14n of the 
transitional stop 40 engage the angled annular surface 1 58 of the stationary stop 1 50. a desired longitudinal relationship 
is dependably generated between the jet cap 44 and the guide catheter distal end 33 (at the cap 153) of the guide 
catheter 32. Most importantly the jet cap 44 is oriented and spaced apart and distally situated at a desired relationship 
to the guide catheter distal end 33 of the guide catheter 32. 

[0041] The jet cap 44 is preferably rounded or tapered at the distal end to facilitate advancement of the hypo-tube 
34 and to avoid catching or snagging on the interior of the guide catheter 32. on the stationary slop 150. or on a vessel 
wall when advanced beyond the guide catheter distal end 33. 

[0042] Fluid communication between the lumen 87 and the central bore 154 of the stationary stop 150 is allowed 
longitudinally and in a distal direction about the geometry of the transitional stop 40. As partially shown in FIGS. 5 and 
6 and as fully shown in FIG. 13. longitudinally oriented passages 162a-n6nare formed. For example, passage 162a 
IS formed between guide bars 112a and 112b and a portion of the periphery ol transitional slop body 108 extending 
from the proximal region of the transitional slop 40 distally toward and including the angled leading edges 114a-1l4b. 
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S43] RG. 13 iUustrates a cross sectional ^^^^^^^^^^^^^^^^ „,ust«ted particular are the piural«y o. 

\2. wi;ere all numerals correspond to those «f"^^'rXrallow passage of liquid and small portions ot suspended 
passages 162a-162n about the transrtonal stop '^ ^'^^^ "^"^^ Jg^ the guide bars 112a-112n include planar 
ELue proximally through the lumen 87 o. the S^'f^^."";^^^^^^^^^ intersecting walls or other 

Ue surfaces, other configurations having a j^^^^^^^ 
variations ol longitudinal passages can be utilized and snaii no 
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thrombotic deposit and lesion 1 66. woeculature to the site of the thrombotic deposit and 

A 9"«^'-re is firs, advanced percutaneous^ ^l^^^'^;;^ J?^^^^^^ has a diameter of 0.010-0.016 
Lsl 166. For a d.ta. coronary ve-e. or a vessel o, ^^^rger diameter guidewires. Once a 9u.dev.re 

inch. This invention can also be ^PP'f f^*° ^^f/ "^/^^^^^^^ thrombotic deposit and lesion, guide catheter 32 me 
has been advanced along the vessel 164 ^"f^J^^/f ^f^; ^^vanced over the wire through tortuous turns to reach 
first tube, which serves as a flexible evacuation tube «n be aavan ^^^^^^ ^ posHtonta near the 

the thrombotic deposit and lesion. With the guKle ^'»^f*^' guide catheter 32 and the patienfs 
Thrombotic deposn and lesion 166. the f ""^^^^ aLnced within the lumen 87 o. the 

body. The jet cap 44 at the terminus of the stop 150 ol the guide catheter 32. 

guiJe catheter 32 until the transit«nal stop 40 "^^^^^f^.^^^^Xs 112a-1l2nof thet«nsrt^ 
r00461 Thearcedsurlaces "6a-ll6nattheextrem.ties Jthegu^ebW^^^^^ ^^^^^^ ^, g^,^^ 

K dance of the transitional stop 40 along the '^'^^^^J'^^^Xi^^^^^^ cemral bore 154 ot the stationary 
SthLr 32 during innial transition and providetorc^ 

stop 150 pnortoengagement ol "^^^^^^^^^^ gap or dltance from the jet cap 44 proximal end 

edges Il4a-ll4n with the stationary s op sete a pr^e^rmined g p ^^^^ ^ 

to L stationa^ stop 150 The central '^.^^Z^^^L, 10 can then be activated by providing high 

at the guide catheter distal end 33. The rheolyt-c ^'^'^^f ^"I'^f^,,,^,^, 32 va the manrtold 16. 

pressure Hquid. preferably saline, to the prox,ma.e^^^^^^^^^ 

100471 High pressure sahne. or other l'^""^' '3^^,40 ol the jet cap 44. The high pressure sal.ne 
hypo-tube I to exit or«k:es 1 36 and 1 38 '^.^f ^ '° ""J f^^^^ directed toward the open central bore 

eS,et orifices 128 and 130 as retrograde i^'^JJ^ °' '^J^^^^'J"^^^^^^^^ .elcirty sal.ne jets 170 dislodge tissue from 

proximal end ol the guide catheter 32. ,,,^,,,a,ed) can be used to provide liquid, prelerably saline, under 

100481 A positive displacement piston pump (not illustrated) can oe ^ ^ j ^„ provide the energy to 
SS!lre tome proximal end of the hypo-tuba ^^'^^'^^^^^T^^^^^ the circu^r end wall 120 of 

create a useful high vetocity jet as the saline exits the 1^' ,aie ol the positive displacement 

Te tt cap 44. The flow rate of saHne -"^^^ll^^S^^.tr^^^^^^^^^ ^f- 
pump. The proximal end of the guide ca heter 32 '"^^'^^^^^^^^ of the evacuated thrombotic debris into a collection 
!he r^nifold branch 24, lor example. ,he rate of the roller pump. The rate ol saline 

bag for disposal. The rate ol evacuation can be ^ simultaneous adjustment ot the piston pump 

inffow can be balanced with the rate of °' ^^^T^^^^^^^^^ ''"°tT 



distal embolization ot thrombotic tissue 
ALTERNATIVE EMBODIMENTS 



'"."r rr; « nr,r:r trr. - ^.s:." r^s. — ™ 
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includes several like components as described previously. The jet cap 180 aligns over and about and is secured to the 
last hypo-tube portion 34na» which angles downwardly from the (ongiludinal axis of the hypo-tube 34 at the hypo-tube 
distal end 42a. The jet cap 180 Is tubular and includes a circular peripheral wall 118a and a circular end wall 120a 
extending inwardly from one end of the circular peripheral wall 118a. Located in the circular end wall 120a are two 
holes 182 and 184 which support a U-shaped hypo-tube portion 34x extending from the last hypo-Jube portion 34na. 
The U-shaped hypo-tube portion 34x aligns to and extends through the holes 182 and 184 in the circular end wall 
120a, as well as through the jet cap central cavity 140a. The free end portion of the U-shaped hypo-tube portion 34x 
secures in the hole 184 flush with the circular end wall 120a and is open, thereby defining an orifice aligned to direct 
a high velocity jet stream, preferably saline, in a proximal direction in a manner and fashion such as previously de- 
scribed. At the distal end of the circular peripheral wall 118a is a weld 132a which joins together the circular peripheral 
wall 11 8a, the bight of the U-shaped portion 34x of the hypo-lube 34, the guidewire coil 46a and a tapered core 134a. 
A wekJ 142a is also included at the distal end of the guidewire coil 46a to secure the end of the tapered core 134a to 
the guidewire coil 46a and to provide for smooth entry into a vessel or other body cavity. 

[0050] FIG. 16 is a view of the proximal end of the first alternative jet cap embodiment looking in the direction of line 
16-16 of FIG. 15. where all numerals correspond to those elements previously described. 

[0051] FIG. 17, a second alternative embodiment, illustrates a longitudinal sectional view of the transitional stop 40, 
an alternative jet cap 200, in lieu of jet cap 44, and a guidewire coil 46b aligned and secured over and about the hypo- 
tube 34 near or at a hypo-tube distal end 42b; and FIG. 1 8 illustrates a view of the jet cap 200 looking in the direction 
of line 18-18 of RG. 17, where all numerals correspond to those elements previously described. The jet cap 200 
includes several like components as described previously. The jet cap 200 aligns over and about and is secured to the 
last hypo-tube portion 34nb, which angles downwardly from the kxigitudinal axis of the hypo-tube 34 at the hypo-tube 
distal end 42b. The jet cap 200 is tubular and includes a circular peripheral wall 118b and a circular end wall 120b 
extending inwardly from one end of the circular peripheral wall 118b. Located in the circular end wall 120b is a hole 
202, and, preferably, a centrally located jet orifice 206. Preferably one jet orifice is included, although more jet orifices 
can be utilized and shall not be deemed as limiting to the scope of the invention. The last hypo-tube portion 34nb aligns 
to and extends through the hole 202 in the circular end wall 1 20b and has an open end or orifice which ends in the jet 
cap central cavity 140b of the jet cap 200 for fluid communication from lumen 1 06 to the central cavity 140b and to the 
jet orifice 206 to direct a high velocity jet stream, preferably saline, in a proximal direction in a manner and fashion 
such as previously described. At the distal end of the circular peripheral wall 118b is a weld 132b which joins together 
the circular peripheral wall 118b. the guidewire coil 46b and a tapered core 134b. A weld 142b is also included at the 
distal end of the guidewire coil 46b to secure the end of the tapered core 134b to the guidewire coil 46b and to provide 
for smooth entry into a- vessel or other body cavity. 

[0052] FIG. IB is a view of the proximal end of the second alternative jet cap embodiment looking in the direction of 
line 18-18 of FIG. 17. where all numerals correspond to those elements previously described. 
[0053] FIG. 19, a third alternative embodiment, illustrates a longitudinal sectional view of a transitional stop 210, a 
jet cap 212 being similar to the configuration of jet cap 180 of FIG. 15 and in lieu of jet cap 44, and a guidewire coil 
46c. being similar in configuration to guidewire coil 46a, aligned and secured over and about the hypo-tube 34 near 
or at a non-angled hypo-tube distal end 42c: and FIG. 20 illustrates a view of the guide catheter distal end 33 looking 
in the direction of line 20-20 of FIG. 19, where all numerals correspond to those elements previously described. In this 
embodiment the jet cap 212 aligns over and about and is secured to the last hypo-tube portion 34nc which projects 
straight outwardly from the lumen 87 and from transitional stop 210. The longitudinal axis of the hypo-tube 34 and the 
last hypo-tube portion 34nc is offset from the central axis of the transitional stop 210, at the hypo-lube distal end 42c. 
Having the last hypo-tube portion 34nc located off-center obviates the requirement of having a last hypo-tube portion 
which angles downwardly from the longitudinal axis of the hypo-tube 34 and also allows the jet cap 212 to align with 
the central bore 154 of the stationary stop 150 without having an angled last hypo-tube portk)n. The transitional stop 
210 is fashioned of a solid material having a circular cross section, one end of which is in the form of a truncated cone 
having an angled annular surface 214 and also having a longitudinally oriented hole 216 distant from the central lon- 
gitudinal axis of the transitional stop 210 and. in addition, a longitudinally oriented lumen 218 distant from the central 
longitudinal axis of the transitional stop 210. The transitional stop 210 is positioned as illustrated to position the angled 
annular surface 214 against the angled annular surface 158 of the stationary stop 150 to position the jet cap 212 at a 
desirable and finite distance from the stationary stop 150 at the guide catheter distal end 33 so that a high velocity jet 
stream, preferably saline, emanating from the open end or orifice of the hypo-tube may be directed in a proxirral 
direction in a manner and fashion toward the lumen 218 to dislodge, break up and carry away thrombotic tissue debris, 
such as previously described. 

[0054] FIG. 20 illustrates a view of the guide catheter distal end 33 kx>ktng In the direction of line 20-20 of FIG. 19, 
where all numerals correspond to those elements previously described. 

[0055] FIG. 21. a fourth alternative embodiment, illustrates a longitudinal sectional view of a guide catheter distal 
end 33a and having aliernativety configured stationary and transitional stops, where all numerals correspond to those 
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Slop 230. The stationary stop 230 « P«"™"«"''»-^''J „ ?^S!^52 By projecting inward and into the lumen 
theguide catheter 32 and projects into the lumen ^ ^^^^^^'^^^^'^^^.zL. parta.ly obstructs the lumen 

87. L stationary stop 230. being compr«ed f P'^'^^^ "'.^'^^^teST wSLer. the stationary stop 230 allows 
87 However, the stationary stop 230 does not fuj, <^^bstruc^^^^ 

tor tree passage of a standard guldewire through the '^^ZTZImL the arrangement and dimensions of 
o° me guTde catheter 32. PreferabV. and tor purposes o example J^'^^^;^^ ^^^l,, ^ a, ^ast 0.010 inch, 
the stiionary stop 230 are such that a ^-ll^-^^/^""^^^^ the unobstructed diameter o. the 

more preferably 0.016 inch, can P«^,^\!^JJ^oX)1S, 32 has an outer diameter of about 

obstructing a blood vessel. o-via-PSOn alianed parallel to the central axis ot the 

[0056, ..«<«.., aop 230 h» "^^^^^'^^ SV;L 

STb: »p«»* ^n«.« «,ss.C"^Td2*«. » *»' r r 

[00S7] The hypo-tube 34, or second tube, is .^^^""J^ J, .^^ hypo-tube portion 34nd at a location 

ind ?prox,ma, end (no. shown). A t^^-^"^";^^^'^ ^^^^^ tne laS^hypo-tube last portion 34nd. The 

spaced apart from a jet cap 240 and ^.S"''^^*^! ^.Jj^ ueely pass the stationary stop 230. In one 

transitional stop 238 has a cross sectronal ^^^^'^^^'!^^JZZ^iai¥^^^ 

embodiment, the transitional stop 238 has a '^^'^^^^''^^^Z Z^pa^^^e past the stationary stop 230 .s 
Shapes might be employed for the that a distalmost extent of 

prevented. Preferably, the distal surface ^'^^^^^^^^ZgZ proiimalmost extent of the stationary stop 
,he transitional stop 238 presents a ^"^^^^^ Z^sT^isA^ Distal tapered surface 242 senses a dual 
230, generally as represented by the ^'^'"^''"^Zf^l^^eTy^^^ reducing any tendency to catch or bind 
function by f.rs. Iacnrta.,n9 passage and advanc^^^^^^^ 

within theguidecatheter 32, and second, todes.rably '^t*'^ ^ P^™!" concentric relationship between the gu.de 
stop 230 L thereby generate lateral re^Uons, su h a tor ^^^^^^^ 

catheter 32 and hypo-tube 34. respect-vely Preterabjr the cro^^^^^^^ 

about0.010inchtoabout0.030inch;however,thecn«^^^^^^^ 

stop 238 is that it must pass through the Jstal end 42d ot the hypo-tube 34. A 

10058] AS prevously ment.oned, a ,e, cap 240 .s mounted a the hypo t ^^^^ ^38 

guldewire coil 46d extends dis.ally Irom the ,e «P ^40. The jel^ap 2^ g ^ ^.^^3,,, 

are radially symmetrical about the long,tud,nal extent '^^^^P^ ^ J^r diameter of about 0.008 .nch 

of from about O.OtO inch to about 0.030 inch. The ^VP-^";;^^^^^^;^^^^^^^^^^ „om the proximal end to the 

,0 about 0.018 .ch and also .ncludes a continuous ^ J P« ^^"J^^^^^^ ,ypLbe 34 is advanced through 
nypo-tube distal end 42d "^JJ^ ^^^^^^^^ the iet cap 240 and any portion of the hypo- 

the lumen 87 of the guide catheter 32, the guidewire coi. 00 j -tationary slop 230. However, passage 

tube 34 distal from the transitional stop 238 are !° ^^^^^^^^ catheter 32 by the stationa^ 

s:^s====2:?^^ 

ITuL at a desired relationship to the distal ^^'^^^^^L^^l^^i^^^^ direction of line 22-22 of FIG. 21. 

[0059] FIG. 22 illustrates a view o. the guide catheter ^'^^ '^""^^^^^^^^^ ^ particular are the plurality of 

Lere all numerals correspond to those ^PX^tLVer^^ the uansi.K>nal stop 238. Fluids 
arcuate stops 230a-230n shown in contact ^'f^f/ ^^^^^^^^^^^ 

00 < ^.^oono tn thp manttold 16. . . .__4-.. 



s 



87 of the guide catheter 32 for P.^»^9!j° , J ^^^-^^ cross section, a side view of the guide catheter 

rooeoi FIG. 23, a fifth alternative embodiment, illustrates, in pan wi o catheter 32 VKhere all numerals 
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catheter 32 by a crimp ring 248. A jet cap 250 and guidewire coil 46e secure to the last hypo-tube portion 34nd at a 
fixed distance from the guide catheter distel end 33. In this embodiment, no transitional or stationary stops are incor- 
porated as the entire catheter system incorporating a longitudinally fixed hypo^ube 34 is inserted into the body without 
use of a guidewire. The cylindrical fixture 246 has a lumen for connection to lumen 97 in the guide catheter 32 with 
the same profile as transitional stop 40. 

[0061] Because numerous modifications may be made to this invention without departing from the spirit thereof, the 
scope of the invention is not to be limited to the embodiments illustrated and described. Rather, the scope of the 
invention is to be determined by the appended claims and their equivalents. The tip can be radio-opaque. The guidewire 
can be a braided polymer or other suitable material 



RHEOLYTIC THROMBECTOMY CATHETER AND METHOD OF USING SAME 
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Claims 

1 . A catheter for removing tissue from a body cavity comprising: 

a. an outer assembly including 

(1) a first tube having a lumen with an open distal end and an internally located stationary stop partially 
obstructing said lumen at said open distal end. said lumen being of a diameter sufficient to allow passage 
of a guidewire; and. 

b. an inner assembly including 

(1) a second tube having a high pressure lumen having a distal end. said distal end having an orifice; 

(2) a transitional stop fixed to said second tube adjacent to said distal end; and, 

(3) a jet cap positioned at said distal end for directing a jet of saline exiting said orifice toward said open 
distal end of said first tube, said second tube being movable axially within said first tube such that said 
transitional stop engages said stationary stop to hold said jet cap in a desired relationship with respect to 
said open distal end of said first tube. 

2. A catheter for removing thrombus or other body tissue from an obstructed body vessel or body cavity comprising: 

a. an outer assembly including 

(1) an evacuation tube having a proximal end and an open distal end containing a stationary stop and 
having an evacuation lumen that is of a diameter sufficient to aibw passage of a standard coronary or 
interventional neuroradiological guidewire; and, 

b. an inner assembly including 

(1) a high pressure lube having a high pressure lumen, said high pressure tube having a proximal end 
and a distal end. said distal end having one or more orifices through which saline can exit from said high 
pressure lumen to be directed toward said open distal end of said evacuation tube; 

(2) a transitional stop fixed to said high pressure tube at a position closer to said distal end than to said 
proximal end; and, 

(3) a jet cap positioned at said distal end of said high pressure tube, said jet cap coacting with said high 
pressure tube to direct one or more jets of saline toward said open distal end of said evacuation tube. 

3. The catheter of Claim 1 or 2. wherein said jet cap has a distal end and said distal end of said jet cap has a guidewire 
coil attached thereto to allow advancement of said outer assembly and said inner assembly together within the 
vasculature. 

4. The catheter of Claim 1 , 2 or 3, wherein said jet cap is configured to create a jet of saline of an annular shape and 
to direct it toward said open distal end of said evacuation tube. 

5. The catheter of any of Claims 1 to 4, wherein said evacuation tube is flexible and can pass over a standard guidewire 
through tortuous vascular pathways. 

6. A method of removing thrombus from an obstructed body vessel comprising the steps of: 

a. providing a guidewire and a first catheter having a distal end and an internally located stationary slop po- 
sitioned adjacent to the distal end; 

b. advancing the guidewire to a vascular site containing thrombus; 

c. advancing the first catheter over the guidewire to the vascular site containing thrombus to position the distal 

end at the vascular site; 

d. removing the guidewire from Ihe first catheter; 

e. providing a second catheter carrying a jet cap and a transitional stop spaced apart from the jet cap; 

I, advancing the second catheter within the first catheter to engage Ihe transitional stop with the stationary 
stop; and, 



13 



EP0934729 A1 

thrombus so as to remove additional distally situated thrombus. 
A catheter combination comprising: 

lumen of the second tube, the ,et cap bewab«^^^^^^^ 
relative to the open distal end of the first tube. 
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